RECIPROCATING MOTOR 
BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] Tlie present invention relates to a reciprocating motor, and more 
particularly, to a multi-windows type reciprocating motor liaving an outer core equipped 
witii a pair of winding coils and a pair of magnets corresponding to the winding coils and 
arranged in two rows. 
Background of the Related Art 

[0002] FIG. 1 illustrates a side view of a reciprocating motor according to a 
related art and FIG. 2 illustrates a cross-sectional view of a reciprocating motor bisected 
along a line 11-11 in FIG. 1. 

[0003] Referring to FIG. 1 and FIG. 2, a reciprocating motor according to a 
related art includes a fixed part S constructed with a multi type cylindrical outer core 10 
and a cylindrical inner core 20 inserted into the outer core 10 leaving a predetermined 
gap, a pair of winding colls 30 and 30' coupled inside the multi type outer core 10 or 
inner core 20, and a moving part 40 having magnets 41 and 41' and inserted between 
the outer and inner cores 10 and 20 so as to reciprocate. 

[0004] Besides, FIG. 1 and FIG. 2 illustrate exemplarily a structure that the 
winding colls 30 and 30' are coupled with the multi type outer core 10. 

[0005] Major components of the reciprocating motor according to a related art are 
explained in the following. 

[0006] The multi type outer core 10 is constructed with a plurality of lamination 
sheets 11 stacked as a radial shape so as to form a cylindrical feature. Each of the 
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lamination sheets 11 is a thin plate having a predetermined shape. 

[0007] The lamination sheet 11, as shown in FIG. 2, is constructed with a 
horizontal path part 11a having a predetermined width and length so as to form an outer 
circumferential face of the multi type outer core 10 and first to third vertical path parts 
11b, 11c, and 11d extending from a middle part and both ends of the horizontal path part 
11a in a direction of a center of the core so as to have predetermined width and length. 

[0008] The first to third vertical path parts lib, 11c, and lid are formed to leave 
predetermined intervals therebetween so as to form poles at the tips. Hence, a pair of 
coil-fitting grooves H and H' are provided between the first to third vertical path parts 11b, 
11c, and 11d. 

[0009] The coil-fitting grooves H and H' are rectangular shapes of which one 
sides toward an inner circumferential face of the multi type outer core 10 are open. 

[0010] The winding coils 30 and 30' provided by winding coils as a ring type are 
inserted into the coil-landing grooves H and H' of the multi type outer coil 10 so as to be 
mounted thereon. 

[0011] Such a multi type outer core 10 is formed by leaving a predetermined 
interval between a pair of the winding coils 30 and 30' in parallel with each other and by 
stacking the lamination sheets 11 along a pair of the winding coils 30 and 30' 
cylindrically. 

[0012] In this case, the lamination sheets 11 are stacked in a manner that the 
winding coils 30 and 30' are inserted into the coil-fitting grooves H and H'. 

[0013] Meanwhile, a plurality of lamination sheets 21 comprising a plurality of thin 
plates having a predetermined size are stacked radially one another so as to construct 
the cylindrical inner core 20. In this case, each of the lamination sheets 21 has a 
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rectangular shape having a length corresponding to the length of the multi type outer 
core 10. 

[0014] Such an inner core 20 is inserted into an inside diameter of the multi type 
outer core 10 coupled with the winding coils 30 and 30' so as to have a predetermined 
gap from an inner circumferential face of the multi type outer core 10 in a radial direction. 

[0015] The moving part 40, as shown in FIG. 1 , includes a plurality of magnets 41 
fixed to an outer circumferential face of a cylindrical magnet holder 42 in a 
circumferential direction. And, the magnets 41 and 41', as shown in FIG. 2, are arranged 
on the outer circumferential face of the magnet holder 42 so as to form a pair of rows in 
a circumferential direction. 

[0016] Namely, the magnets 41 and 41' are constructed with two rows so as to 
confront a pair of the winding coils 30 and 30' inserted in the coil-fitting grooves H and H' 
of the multi type outer core 1 0. 

[0017] A length L of each of the magnets 41 and 41' is determined by adding a 
width w2 of the pole of the multi type outer core 10, i.e. a width of one of the vertical 
path parts of the lamination sheet 11 constructing the multi type outer core 10, to a width 
w1 of the coil-fitting groove H or H'. 

[0018] Therefore, in the moving part 40, the magnets 41 and 41' are arranged to 
confront the coil-fitting grooves H and H' of the multi type outer core 10 so that the 
magnet holder 42 enables to carry out a reciprocating motion straightly between the 
multi type outer core 1 0 and the inner core 20 in accordance with a current flow. 

[0019] Operation of the above-constructed reciprocating motor according to a 
related art is explained by referring to FIG. 3 and FIG. 4 as follows. 

[0020] FIG. 3 and FIG. 4 illustrate cross-sectional views for explaining 



operational states of a reciprocating motor according to a related art. 

[0021] Referring to FIG. 3, when currents are simultaneously applied in different 
directions respectively to a pair of the winding coils 30 and 30' coupled with the multi 
type outer core 10, one flux is formed by the current flowing through the winding coil 30 
in a clockwise direction(direction a) along the inner core 20 and multi type outer core 10 
adjacent to the winding coil 30 located at a left side in the drawing. 

[0022] Namely, generated is the closed-loop type flux having a path consisting of 
the first vertical path part 11b - horizontal path part 11a - second vertical path part 11c - 
inner core 20 - first vertical path part 11b. 

[0023] At this moment, the other flux is formed by the current flowing through the 
winding coil 30' in a counterclockwise direction(direction b) along the inner core 20 and 
multi type outer core 10 adjacent to the winding coil 30' located at a right side in the 
drawing. 

[0024] Namely, generated is the other closed-loop type flux having a path 
consisting of the third vertical path part lid - horizontal path part 11a - second vertical 
path part 11c - inner core 20 - third vertical path part 11 d. 

[0025] Therefore, the moving part 40 including the magnets 41 and 41' moves 
toward the right direction(direction A) of the drawing by a reciprocal reaction of a pair of 
the fluxes formed by the currents flowing through the winding coils 30 and 30' and the 
other pair of the fluxes formed between the multi type outer core 1 0 and inner core 20. 

[0026] On the contrary, if the directions of the currents applied to a pair of the 
winding coils 30 and 30' are switched, as shown in FIG. 4, one flux is formed by the 
current flowing through the left winding coil 30 in a counterclockwise direction(directlon 
b) along the inner core 20 and multi type outer core 10 adjacent to the left winding coll 
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30 as soon as the other flux is formed by the current flowing through the right winding 
coil 30' in a clockwise direction(direction a) along the inner core 20 and multi type outer 
core 10 adjacent to the right winding coil 30'. 

[0027] Therefore, the moving part 40 including the magnets 41 and 41' moves 
toward the right direction(direction B) of the drawing by a reciprocal reaction of a pair of 
the fluxes formed by the currents flowing through the winding coils 30 and 30' and the 
other pair of the fluxes formed between the multi type outer core 10 and inner core 20. 

[0028] Thus, the above-explained reciprocating motor enables the moving part 
40 having the magnets 41 and 41' to carry out a reciprocating motion by alternating 
directions of the currents flowing through a pair of the winding coils 30 and 30' in 
different directions. 

[0029] However, the above-explained reciprocating motor according to a related 
art results in the following problems. 

[0030] FIG. 5 illustrates a diagram for a state of a magnetic flux generated by a 
pair of magnets 41 and 41' in a reciprocating motor according to a related art, in which 
the moving part 40 has moved most to the left side. 

[0031] Referring to FIG. 5, fluxes are formed at the third vertical path part 11d in 
directions opposite to each other by a pair of the magnets 41 and 41', thereby failing to 
cancel the fluxes each other. Yet, magnetic saturation may occur at the first and second 
path parts 11b and 11c due to relatively large flows of the fluxes. 

[0032] Namely, as each of the lamination sheets 11 constructing the multi type 
outer core 10 has a single sheet structure, the flux generated by the first magnet 41 
flows to the third vertical path part lid and the other flux by the second magnet 41' flows 
to the first vertical path part 11b. Hence, other path parts failing to be adjacent to the first 



and second magnets 41 and 41' are affected by such fluxes. 

[0033] Thus, dunng the process of forming the fluxes in the lamination sheets, as 
shown in FIG. 5, the flux(of the third vertical path part) is cancelled but the other 
fluxes(of the first and second vertical path parts) are merged to generate the magnetic 
saturation. 

[0034] Therefore, the above-explained reciprocating motor according to the 
related art has to design the parts of the respective path parts In the lamination sheets 
11 constructing the multi type outer core 10 so as not to generate the magnetic 
saturation, thereby having difficulty in designing a motor. 

[0035] FIG. 6 illustrates a diagram for the flux states generated by the current 
flows of a pair of the winding coils 30 and 30' in a reciprocating motor according to a 
related art, in which the fluxes generated from the winding coils are affected reciprocally 
due to the single-sheet-structured lamination sheets 11 constructing the multi type outer 
core 10 when the currents flows through a pair of the winding coils 30 and 30' 
respectively in directions opposite to each other. 

[0036] Referring to FIG. 6, the fluxes generated by the respective winding coils 
30 and 30' flow through the first and third vertical path parts 11b and 11d in opposite 
directions, thereby reducing the fluxes. As the polarities working reciprocally with the 
magnets 41 and 41' decrease, so does a motor constant which is an important factor 
affecting an efficiency of a motor. 

[0037] Moreover, as shown in FIG. 2, sizes of the magnets 41 and 41', which are 
determined by the opening widths w1 of the coil-fitting grooves H and H' and the widths 
w2 of the poles, are so large that supply of the magnets demands sufficient amount. 
Thus, a manufacturing cost rises. 
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SUMMARY OF THE INVENTION 
[0038] Accordingly, the present invention is directed to a reciprocating motor that 
substantially obviates one or more problems due to limitations and disadvantages of the 
related art. 

[0039] An object of the present invention is to provide a reciprocating motor 
enabling to improve a performance and reduce a required amount of the expensive 
magnets by minimizing interference between fluxes generated from both magnets by 
installing an insulating member between both of the magnets. 

[0040] Additional advantages, objects, and features of the invention will be set 
forth in part in the description which follows and in part will become apparent to those 
having ordinary skill in the art upon examination of the following or may be learned from 
practice of the invention. The objectives and other advantages of the invention may be 
realized and attained by the structure particularly pointed out in the written description 
and claims hereof as well as the appended drawings. 

[0041] To achieve these objects and other advantages and in accordance with 
the purpose of the invention, as embodied and broadly described herein, a reciprocating 
motor according to the present invention includes a multi type outer core having a 
plurality of single cores constructed with consecutively-stacked lamination sheets 
centering around a plurality of ring-shaped winding coils so as form a cylindrical 
structure and an insulating member placed between a plurality of the single cores, an 
inner core inserted in the multi type outer core so as to leave a predetermined gap with 
an inside circumferential face of the multi type outer core, and a moving part having a 
plurality of magnet rows confronting the winding coils of the multi type outer core 
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respectively so as to reciprocate in accordance with a variation of currents flowing 
through the winding coils. 

[0042] Preferably, lateral sides of the single cores are fixed in one body to the 
insulating member centering around the insulating member. 

[0043] Preferably, shapes and structures of the single cores are identical to each 
other. 

[0044] Preferably, the single cores of the multi type outer core are constructed 
with the lamination sheets of 'L' type thin plates stacked each other alternately centering 
around the winding coils so as to form the cylindrical structure. 

[0045] Preferably, each of the lamination sheets is constructed with a horizontal 
path part K1 forming an outer circumferential face of the single core, a vertical path part 
extending from one end of the horizontal path part in a direction vertical to the horizontal 
path part, and a slant path part inclined from an end of the vertical path part in a length 
direction of the horizontal path part. 

[0046] Preferably, the respective lamination sheets are stacked alternately so 
that the vertical and slant path parts confront each other so as to construct the single 
cores and wherein opening parts are formed between the slant path parts respectively 
so as to open in a direction of the magnets. 

[0047] Preferably, a length of each of the magnets is determined by a length 
attained by adding a width of the opening part to a width of the slant path part forming a 
pole. 

[0048] Preferably, the insulating member is formed to have a predetermined 
thickness enough to completely isolate the first and second single cores from each other 
and having a ring shape corresponding to contact faces of the first and second cores. 
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[0049] Preferably, the first and second single cores are fixed in one body to the 
insulating member by a connecting-fixing means centering around the insulating 
member. 

[0050] Preferably, the connecting-fixing means comprises connecting recesses 
formed at both sides of the single cores and fixing protrusions protruding from both sides 
of the insulating member so as to fix the first and second single cores thereto by being 
inserted into the connecting recesses by force. 

[0051] Preferably, the connecting recesses and the fixing protrusions are round 
ring-shaped so as to be coupled with each other. 

[0052] It is to be understood that both the foregoing general description and the 
following detailed description of the present invention are exemplary and explanatory 
and are intended to provide further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0053] The accompanying drawings, which are included to provide a further 
understanding of the invention and are incorporated in and constitute a part of this 
application, illustrate embodiment(s) of the Invention and together with the description 
serve to explain the principle of the invention. In the drawings: 

[0054] FIG. 1 illustrates a side view of a reciprocating motor according to a 
related art; 

[0055] FIG. 2 illustrates a cross-sectional view of a reciprocating motor bisected 
along a line 11-11 in FIG. 1; 

[0056] FIG. 3 and FIG. 4 illustrate cross-sectional views for explaining 
operational states of a reciprocating motor according to a related art; 
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[0057] FIG. 5 illustrates a diagram for explaining magnetic flux generated by a 
pair of magnets in a reciprocating motor according to a related art; 

[0058] FIG. 6 illustrates a diagram for explaining flux generated by a current flow 
of a pair of winding coils in a reciprocating motor according to a related art; 

[0059] FIG. 7 illustrates a vertical cross-sectional view of a reciprocating motor 
and a magnified cross-sectional view of a major part thereof according to the present 
invention; 

[0060] FIG. 8 illustrates an assembly of lamination sheets constructing a 
reciprocating motor according to the present invention; and 

[0061] FIG. 9 and FIG. 10 illustrate cross-sectional views for explaining 
operational states of a reciprocating motor according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[0062] Reference will now be made in detail to the preferred embodiments of the 

present invention, examples of which are illustrated in the accompanying drawings. 

[0063] FIG. 7 illustrates a vertical cross-sectional view of a reciprocating motor 

and a magnified cross-sectional view of a major part thereof according to the present 

invention. 

[0064] Referring to FIG. 7, a reciprocating motor according to the present 
invention includes a fixed part constructed with a multi type outer core 100 having a pair 
of winding coils 110 and 110' and an inner core 200 and a moving part 300 having 
magnets 320 and 320' and inserted between the outer and inner cores 100 and 200 so 
as to reciprocate in accordance with a variation of currents flowing through the winding 
coils 110 and 110'. 
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[0065] Explained in detail as follows are components of the above-constructed 
reciprocating motor according to the present Invention. 

[0066] The muiti type outer core 100 includes a pair of single coils 120 and 130 
constructing a cylindrical structure formed by stacking lamination sheets consecutively 
centering around a pair of the ring type winding coils 110 and 110' and an insulating 
member 153 placed between adjacent sides of a pair of the single cores 120 and 130. 

[0067] The single cores 120 and 130 include a first single core 120 constructed 
with lamination sheets K and K' of 'L' type plates stacked alternately each other so as to 
form a cylindrical shape centering around the winding coils 110 and 110' and a second 
single core 130 having the same structure of the first single core 120 so as to be 
coupled in parallel with the first single core 120 through the insulating member 150. 

[0068] A feature of the lamination sheet K constructing the first and second single 
cores 120 and 130 is explained by referring to FIG. 8 as follows. 

[0069] The lamination sheet, as shown in FIG. 8, is constructed with a horizontal 
path part K1 having predetermined width and length so as to form an outer 
circumferential face of the single core, a vertical path part K2 extending from one end of 
the horizontal path part K1 in a direction vertical to the horizontal path part K1, and a 
slant path part K3 inclined from an end of the vertical path part K2 in a length direction of 
the horizontal path part K1 . 

[0070] A plurality of lamination sheets K and K', of which vertical and slant path 
parts K2/K2' and K3/K3' confront each other, are stacked alternately at both sides of the 
winding coils 110 and 110' so as to construct the single cores 120 and 130. 

[0071] In the first and second single cores 120 and 130, poles are generated 
from tips of the slant path parts K3 of the stacked lamination sheets K and K' and a 

11 



width x3 of an opening part 105, as sliown in FIG. 7, Is formed between the slant path 
parts K3 and K3'. 

[0072] Meanwhile, ring type connecting recesses 151 and 152 having 
predetermined width and depth, as shown in FIG. 7, are formed at adjacent sides of the 
first and second single cores 120 and 130. The insulating member 150 is inserted into 
the connecting recesses 151 and 152 so as to make the first and second single cores 
120 and 130 fixed thereto. 

[0073] The insulating member 150 consists of an insulating portion 153 having a 
predetermined thickness enough to absolutely isolate the first and second single cores 
from each other and having a ring shape corresponding to contact faces of the first and 
second cores 120 and 130 and a pair of ring-shaped fixing protrusions 154 and 154' 
protruding from both sides of the insulating portion 153 so as to fix the first and second 
single cores 120 and 130 thereto by being inserted into the connecting recesses 151 
and 152. 

[0074] Such an insulating member 150 is preferably formed of a non-magnetic 
material such as aluminum, stainless steel or the like so as to insulate fluxes generated 
from the first and second single cores 120 and 130. 

[0075] Thus, both of the fixing protrusions 154 and 154' of the insulating member 
150 are inserted into the connecting recess 151 of the first single core 120 and the 
connecting recess 152 of the second single core 130 by force, respectively, so as to 
assemble the first and second single cores in parallel with each other. 

[0076] Then, the inner core 200 is inserted in the mult! type outer core 100 so as 
to have a predetermined gap from an inner circumferential face of the multi type outer 
core 100. 
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[0077] Namely, a plurality of lamination sheets M comprising a plurality of 
rectangular thin plates, each having a predetermined width and a length corresponding 
to a length of the multi type outer core 100, are stacked radially one another so as to 
construct the cylindrical inner core 200 having an outside diameter enabling to be 
inserted inside the multi type outer core 100. Such an inner core 200 is inserted into an 
inside diameter of the multi type outer core 100 so as to have a predetermined gap from 
an inner circumferential face of the multi type outer core 100. 

[0078] The moving part 300 includes a cylindrical magnet holder 310 placed 
between the multi type outer core 100 and the inner core 200 and a plurality of magnets 
320 and 320' fixed to an outer circumferential face of the cylindrical magnet holder 310 
in a circumferential direction so as to confront the winding coil 110 of the first single core 
120 and the winding coil 110' of the second single core 130 respectively. In this case, 
the magnets 320 and 320' are arranged to be coupled each other on the outer 
circumferential face of the magnet holder 310 so as to form a pair of rows in a 
circumferential direction. 

[0079] Namely, the moving part 300 includes a first magnet row consisting of a 
plurality of the magnets 320 confronting the winding coil 110 of the first single coil 120 on 
the outer circumferential face of the magnet holder 310 and a second magnet row on the 
outer circumferential face of the magnet holder 310 so as to confront the winding coil 
110' of the second single core 130 and leave a predetermined interval with the first 
magnet row. 

[0080] A length L' of each of the magnets 320 and 320' is determined by a 
distance between the poles of the single cores 120 and 130, i.e. a length attained by 
adding a width w3 of the opening part 105 to a width w4 of one of the poles. 
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[0081] Such a moving part 300 is inserted between the multi type outer core 100 
and the inner core 200 so that the first and second magnet rows 320 and 320' confront 
the winding coils 110 and 110' of the first and second single cores 120 and 130, 
respectively. 

[0082] Operational effect of the above-constructed reciprocating motor according 
to the present invention is explained by referring to FIG. 9 and FIG. 10 as follows. 

[0083] FIG. 8 illustrates an assembly of lamination sheets constructing a 
reciprocating motor according to the present invention, and FIG. 9 and FIG. 10 illustrate 
cross-sectional views for explaining operational states of a reciprocating motor 
according to the present invention. 

[0084] When currents are simultaneously applied in different directions 
respectively to a pair of the winding coils 110 and 110' coupled with the multi type outer 
core 100, as shown in FIG. 9, one flux is formed by the current flowing through the 
winding coil 110 in a clockwise direction(directjon a) along the inner core 200 and the 
first single core 120 adjacent to the winding coil 110. 

[0085] Yet, the other flux is generated by the current flowing through the other 
winding coil 110' in a counterclockwise direction(direction b) along the second single 
core 130 and the inner core 200 adjacent to the winding coil 110". 

[0086] In this case, the fluxes generated by the currents flowing through the 
winding coils 110 and 110' are formed in the first and second single cores 120 and 130, 
respectively, so as to be isolated from each other by the insulating member 150. 
Therefore, no interference between the two fluxes occurs. 

[0087] Accordingly, the moving part 300 moves toward the left direction(direction 
A) of the drawing by a reciprocal reaction of a pair of the fluxes formed by the currents 
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flowing through the winding coils 110 and 110' and the other pair of fluxes generated 
from the magnets 320 and 320' constructing the first and second magnet rows. 

[0088] On the contrary, if the directions of the currents simultaneously applied to 
a pair of the winding coils 110 and 110' are reversed, as shown in FIG. 10, one flux is 
formed by the current flowing through the winding coil 110 in a counterclockwise 
direction(dtrection b) along the inner core 200 and the first single core 120 adjacent to 
the winding coil 1 1 0. 

[0089] Yet, the other flux is generated by the current flowing through the other 
winding coil 110' in a clockwise direction(direction a) along the second single core 130 
and the Inner core 200 adjacent to the winding coil 110'. 

[0090] Similarly, the fluxes generated by the currents flowing through the winding 
coils 110 and 110' are formed in the first and second single cores 120 and 130, 
respectively, so as to be isolated from each other by the insulating member 150. 
Therefore, no interference between the two fluxes occurs. 

[0091] Accordingly, the moving part 300 moves toward the right 
direction(direction B) by a reciprocal reaction of a pair of the fluxes formed by the 
currents flowing through the winding coils 110 and 110' and the other pair of fluxes 
generated from the magnets 320 and 320' constructing the first and second magnet 
rows. 

[0092] Thus, the above-explained reciprocating motor enables the moving part 
300 to carry out a reciprocating motion continuously by alternating directions of the 
currents flowing through a pair of the winding coils 110 and 110' in different directions. 

[0093] In the present invention, the fluxes generated from the currents flowing 
through the winding coils 110 and 110' coupled with the multi type outer core 100 are 
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isolated from the other fluxes generated from the magnets 320 and 320' confronting the 
winding coils 110 and 110' respectively by the insulating member 150. Hence, the fluxes 
are formed only in the first and second single coils 120 and 130 respectively so as to be 
from interference between the fluxes in directions opposite to each other. Therefore, the 
present invention enables to prevent the fluxes from being cancelled each other. 

[0094] Moreover, the first and second single cores 120 and 130 of the multi type 
outer core 100 are constructed with a plurality of lamination sheets K and K' stacked 
each other alternately, thereby enabling to reduce the width w3 of the opening part 105 
determining the length of the magnet 320. Therefore, the present invention enables to 
reduce the amount of magnets required for manufacturing the motor. 

[0095] Accordingly, the present invention generates simple fluxes formed in the 
flux paths and prevents the fluxes from being cancelled each other, thereby enabling to 
increase an efficiency of a motor by decreasing the magnetic saturation as well as 
provide a simple design of the motor. 

[0096] Moreover, the present invention enables to reduce the amount of magnets 
required for the motor, thereby saving a manufacturing cost. 

[0097] The forgoing embodiments are merely exemplary and are not to be 
construed as limiting the present invention. The present teachings can be readily applied 
to other types of apparatuses. The description of the present invention is intended to be 
illustrative, and not to limit the scope of the claims. Many alternatives, modifications, and 
variations will be apparent to those skilled in the art. 
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